We study the effects of economic shocks on civil conflict at the subnational level using a panel data set of 5,689 administrative regions from 53 African countries with yearly observations from 1992 to 2010. We find that economic shocks, measured by nighttime light intensity and instrumented by lagged rainfall and droughts, increase the probability of civil conflict.
Introduction
In an influential contribution, Miguel et al. (2004) show that economic shocks, instrumented by rainfall patterns, increase the probability of civil conflict in Sub-Saharan Africa. Ciccone (2011) questions their empirical specification and the robustness of their results.
1 In a response, Miguel and Satyanath (2011) disagree on most issues raised by Ciccone, but there is a notable exception: "Ciccone concludes by recommending the use of more disaggregated data to uncover the relationship between economic shocks and conflict. We agree" (Miguel and Sayanath, 2011, p. 232) . We contribute to this literature by studying the effect of economic shocks, instrumented by rainfall and drought, on civil conflict at the level of subnational administrative regions.
We construct a dataset of 5,689 administrative regions from 53 African countries with yearly observations from 1992 to 2010. We thereby rely on the Uppsala Conflict Data
Program's Georeferenced Event Dataset (UCDP GED) to construct regional conflict indicators, and on satellite data on nighttime light intensity to measure regional economic activity. The use of nighttime light intensity as a measure of economic activity at the subnational level has been forcefully proposed by Henderson et al. (2012) . 2 To instrument for economic activity and changes thereof, we use lagged rainfall following Miguel et al. (2004) and lagged droughts following Couttenier and Soubeyran (2014) .
We find that lower levels of rainfall and droughts reduce regional economic activity as proxied by nighttime light intensity in the subsequent period, and, more importantly, that a drop in regional economic activity increases the risk of civil conflict in African regions in the next period. A negative economic shock that corresponds to a reduction of nighttime light of 10 percent increases the risk of civil conflict by around 3 percentage points, which corresponds to an increase in this risk from around 4.5 to around 7.5 percent in an average region. These results suggest that economic shocks have an important effect on the risk of regional conflict in African regions. Hence, the general pattern proposed by Miguel et al. (2004) holds at the more disaggregated level of subnational regions.
There is a large literature on the determinants of civil conflict (see Blattmann and Miguel, 2010 , for a review). We contribute to two strands within this literature. First, we contribute to the strand on the causal effects of economic shocks on civil conflict discussed above. Second, we contribute to the emerging strand that uses data for subnational regions across Africa, which started with Buhaug and Rod (2006) . Michalopoulos and Papaioannou (2011) , and Besley and Reynal-Querol (2014) focus on how historical conflicts and ethnic partitions affect today's risk of civil conflict. Harari and La Ferrara (2013) study the relationship between weather shocks in the growing season of different crops and subsequent civil conflict using subnational regions that are rectangular cells (rather than administrative regions). We view their paper and ours as complementary. They nicely document that weather shocks impact on civil conflict primarily through agriculture, and our two-stage least squares estimates with the chosen lag structure suggest that the income effect of weather shocks is crucial for their impact on civil conflict. Taken together, these two studies imply that weather shocks have a strong impact on civil conflict by changing incomes in the agricultural sectors.
The remainder of this paper is organized as follows: Section 2 presents the data, Section 3 the empirical specification, Section 4 our findings, and Section 5 briefly concludes. African countries for which CIESIN provides the corresponding regional boundaries. The variable Rain it corresponds to the log of average precipitation in region i in year t.
Our second instrumental variable is based on the Palmer Drought Severity Index (PDSI), which combines precipitation, temperature and local soil characteristics. Dai (2011) provides monthly PDSI on a 2.5 × 2.5 degree grid, with negative values implying dry areas. Couttenier and Soubeyran (2014) show that the association between PDSI and conflict is stronger than the one between rainfall and conflict at the country level, and that low PDSI is associated with low crop yields. The variable Drought it is average PDSI in region i in year t. Table 1 provides summary statistics for our five main variables.
5 To avoid losing observation with a nighttime light intensity of zero, we follow Papaioannou (2013, 2014) , and Hodler and Raschky (2014) in adding 0.01 to the average nighttime light intensity before taking the logarithm. We do the same when taking the logarithm of average precipitation.
6 One degree corresponds on average to approximately 110 km.
3 Empirical Specification
To estimate the effect of nighttime light intensity on conflict, we start with the following specification:
where Conf lict it is either Conf lict01 it or Conf lict25 it . The regional dummy variables α i and the region-specific time trends β i t control for time-invariant regional characteristics, such as size and geography, and for different trends across regions during our sample period.
The year dummy variables γ t control for changes in satellites and their sensor setting as well as global and continent-wide economic and political developments.
To address endogeneity we follow Miguel et al. (2004) in applying an instrumental variables approach. In the first stage we estimate
where W eather it can be Rain it or Drought it . In the second stage we estimate specification (1) using the predicted values of Light it . The exclusion restriction requires that W eather it−2 has no effect on Conf lict it other than through its effects on economic activity and Light it−1 . It is typically (almost) impossible to establish with certainty that an exclusion restriction holds. We however think that our simple and intuitive lag structure makes it quite likely. Table 2 contains OLS and 2SLS results using Conf lict01 it as our dependent variable. In column 1 we run standard OLS regressions with region and year fixed effects. Lagged economic activity, as measured by Light ict−1 , yields a small, positive coefficient that is not statistically different from zero. In columns 2 and 3 we use the second lag of rainfall,
Findings
Rain it−2 , and the second lag of drought, Drought it−2 , respectively, as instrumental variable for lagged economic activity. In both cases, lagged economic activity has a negative sign, the coefficients are around -0.3 and statistically significant. Hence, a negative economic shock which decreases nighttime light intensity by 10 percent, increases the risk of civil conflict with at least one fatality by around 3 percentage points, which corresponds to an increase in this risk from around 4.5 to around 7.5 percent in an average region. In column 4 we show that our results remain very similar when using both instrumental variables.
In Table 3 we analyze the effect of regional economic shocks on larger regional conflicts with 25 or more conflict-related deaths per year. Again, the OLS regression in colum 1 shows no effect. The instrumental variables regressions in columns 2-4 all yield coefficient estimates around -0.09. These estimates are statistically significant when using Drought it−2 or both instrumental variables. Hence, a negative economic shock which decreases nighttime light intensity by 10 percent, increases the risk of civil conflict with 25 or more fatalities by around 1 percentage point, which corresponds to an increase in this risk from around 1.5 to around 2.5 percent in an average region. have the expected signs and are statistically significant. More rainfall and lower drought intensity in period t − 2 increases economic activity in t − 1. The first-stage F-Stats are above the critical values suggested by Stock and Wright (2000) , which is in our case 16.38.
Conclusions
We have taken the seminal contribution of Miguel et al. (2004) to the level of subnational administrative regions, thereby using satellite data on nighttime light intensity to measure economic activity. Our results show that regional economic activity has an important effect 7 on the risk of civil conflict in African regions. 
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